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Purpose/Objective: The aim of this work was to characterize the IC 
PROFILERTM(ICP), a multi-axis ionization chamber(IC) array, to use in a 
1.5 T MR-Linac combination[1] for relative dosimetry measurements.  
Due to the magnetic field secondary electrons are deflected by the 
Lorentz force, this effect is prominent in air due to the longer 
electron tracks. Previous studies[2] showed that the IC dose response is 
influenced by the magnetic field. This influence is related to the 
shape and orientation of an IC in the magnetic field. Because of these 
various IC shapes and orientations on the ICP, the characteristics of 
the ICPin a magnetic field need to be investigated to ascertain correct 
functioning of the ICP in a 1.5 T magnetic field. 
Materials and Methods: The ICP was positioned in the MR-Linac,at an 
SSD of 152.7 cm, and irradiated with a 25.4 x 25.4 cm2field, the 
largest square field size available. An NE2571 Farmer type IC, 
positioned on the central axis directly behind the ICP was used as a 
reference chamber. The signal from the ICP's central 36ICs of each 
axis were used for analysis to determine the following ICP 
characteristics: 
For each of the ICP ICs, the short term reproducibility (average 
relative standard deviation) was determined over a period of 45 
seconds, starting 10 sec after beam start to ascertain a stable beam. 
Next, the linearity of the dose response was measured over a range of 
100 MU to 2000 MU. The results were normalized to a reference of 200 
MU. The influence of the pulse rate frequency (PRF) on the ICP ICs 
was determined by varying the linac PRF from 240 Hz to 120 Hz. 
Lastly, profiles were simultaneously measured using the ICP and 
GAFCHROMIC EBT2 films, as a overall test.The films were positioned 
between the buildup plate and the ICP. 
Results: The average reproducibility of the ICs is 0.3 %. The dose 
response of the panel is linearly related to the applied dose within 
0.2% maximum deviation. The influence of the change in PRF is 0.2 %, 
the same order of magnitude as found by Simon[3]. The ICs on the 
diagonal axes of the ICP are shaped conform the corners of the 
radiation field.Therefore the influence of the magnetic field on the 
dose response can become of importance. If this effect is significant it 
would manifest in a 'step' at the center position in a diagonal ICP 
profile, which is not present in figure 1. When performing a t-test,no 
significant difference between the ICs on the oppositely oriented two 
halves of each diagonal was found. Additionally, the reproducibility 
for the two halves was compared, no significant difference was found. 
The profiles measured with film and ICP are visualized in figure 1, 
over 98% of the measurement points on the profiles agree within 
2%/2mm. 
 
 
Conclusions: The IC PROFILERTM can be used for profile measurements 
in an MR-linac setup with a magnetic field strength of 1.5T within an 
approximate accuracy of 0.5 %. 
[1] Meijsing et al.Phys Med Biol 54 (2009) 2993–3002 
[2] Simon Med Phys, 37 11(2010) 6101-6111 
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Purpose/Objective: One of the main causes of anatomical changes in 
the target volume for cervical cancer is the day to day variation of 
bladder filling. To deal with these variations, one could use a Library 
of Plans (LoP), consisting of 4 treatment plans for the same patient 
with various bladder fillings (ranging from full to empty). At each 
treatment fraction, the most appropriate plan can than be selected at 
the Linac, based on a conebeam CT image of the target volume. The 
purpose of this study was to develop a planning strategy for 
generating a clinically acceptable LoP of 4 'Library Plans' (LP1-4), 
within an acceptable time period. 
Materials and Methods: For 5 patients, scanned with both a full 
(100%, LP1) and empty (0%, LP4) bladder, the CTV, defined as the 
combined cervix-uterus, was delineated on both CT scans. 
Subsequently intermediate CTVs for 66% (LP2) and 33% (LP3) bladder 
filling were reconstructed. As the iliac lymph node regions (CTVln) do 
not vary with bladder filling, the CTVln was delineated on the full 
bladder scan only. CTV to PTV expansions were performed according 
to our clinical standards. Treatment planning for all LPs was 
performed on the full bladder CT. 
In Pinnacle3, Volumetric Modulated Arc Therapy (VMAT) plans were 
made, using a dual-arc of 60 seconds. First a plan was generated for 
the 66% bladder filling situation (LP2), which is expected to be the 
most common situation during treatment. A script was developed to 
automatically generate the three other plans for the library. The 
script adepts the OARs, based on the LP’s CTVs, and sets the 
objectives for these new structures. After optimization of a LP, PTV 
coverage is calculated (V95% should be >99%). If coverage is <99%, the 
under-dosed region is determined and added as an objective and re-
optimization takes place.  
To validate the safety of planning the non-full bladder situations (LP2-
4) on the full bladder scan, the LP4 plans were transferred to the 
empty bladder scans and dose was recalculated and evaluated. 
Results: For all patients, the developed strategy produced 4 
homogeneous plans, with sufficient PTV coverage (Table 1). The 
conformity index (CI V95%) indicated a good sparing of tissue outside 
the PTV.Recalculating the dose of LP4 on the empty bladder scan 
showed a comparable PTV coverage. 
The initial plan (LP2) was generated in approximately 4 hours; the 
other LPs were automatically calculated and thus did not require 
additional planning time. 
 
  
Conclusions: The method we developed makes it possible to generate 
4 clinical acceptable plans for different bladder filling situations for 
cervical cancer, without the need of making 4 CT scans, delineating 
targets and OARs on 4 scans and making 4 separate treatment plans. 
As the script automatically generates the plan LP1, 3 and 4, the 
planning time remains acceptable. 
Using a LoP may improve target coverage without increasing dose to 
OARs, thus facilitating margin reduction. This will be investigated in 
future work. 
 
 
   
